A theory of spiral structure formation has been formulated to show that spiral structures are rather basic entities in magnetized rotating plasmas subjected to various kind of instabilities such as collisional drift wave instability, flute mode instability due to centrifugal force, and Kelvin-Hehnhotz instability.
Self-organized structures in magnetized plasmas have been a topic since they may give a deep insight into self-organization in complex systems as well as transport phenomena in plasmas. Coherent structures have been recently observed in laboratories [1] [2] [3] [4] [5] [6] and are subjects of theoretical analysis for understanding underlying physics [7] . In both ECR plasmas [4] and gun-produced plasmas [5] , two-arms spirals are commonly observed, and in particular the spiral structure observed in the ECR plasmas have interesting features: (1) the stationary structure is observed in a certain range of the background pressure, (2) the direction of the arm stretching is reversed when the magnetic field is reversed, and (3) the arm winding is identified as an Archimedes spiral, that is the curve spiraling into the origin which in polar coordinates is given by the equation
In the ECR plasmas, the ratio of the ion-neutral collision frequency to the ion cyclotron frequency is small as $\iota/_{i}/\Omega_{i}\sim 0.05$ , and the azimuthal rotation due to $\mathrm{E}\cross \mathrm{B}$ drift, which is $0.2\sim 0.4C_{s}$ ( $C_{s}$ : ion acoustic velocity), dominates the radial drift due to collisions. 
$\frac{\partial \mathrm{v}_{\alpha}}{\partial t}+\mathrm{v}_{\alpha}\cdot\nabla \mathrm{v}_{\alpha}=\frac{e_{\alpha}}{m_{\alpha}}(-\nabla\phi+\frac{1}{c}\mathrm{v}_{\alpha}\cross \mathrm{B})$ ).
In the following, physical quantities are divided into the stationary parts and fluctuating parts:
$=+ \sum_{\ell}e^{i(l\theta-\omega t)}+c.c$.
For the ion drift, an effective gravitational drift due to the centrifugal force is taken into account in the azimuthal direction, and is neglected in the radial direction since $\nu_{i}/\Omega_{i}<<1$ .
For the electron drift, the diamagnetic drift is dominated over the gravitational drift due to the centrifugal force. The rotation frequencies of the ion and electron azimuthal drift now
where $\omega_{E}$ and $\omega_{*}$ are the frequencies associated with the $\mathrm{E}\cross \mathrm{B}$ drift and the diamagnetic drift, respectively, defined by 
we have
where the quantity $\beta(\xi)$ is given by
In deriving $\mathrm{E}\mathrm{q}. 
The ratio of the contribution from the drift wave to that from the flute mode is estimated to be The vector field plot of the ion velocity $\{ut, v_{l}^{i}\}$ associated with this spiral structure is depicted in Fig.3 . In the figure, each arrow is colored by red for positive radial velocity The mass ratio of ion and electron is taken to be 80000 in the above calculations since the experiments were curried out in an argon plasma. The spiral solutions are independent on the mass ratio and also obtained for the hydrogen case $(M/m=2000)$ .
Even when we neglect the contributions from the centrifugal and the Kelvin-Helmholz instabilities in $\mathrm{E}\mathrm{q}. (6) Although the vortex crystallization has been reported in pure electron plasmas [2] , this type of structures may be general entities excited in magnetized plasmas.
It should be noted that we used the show that the axial profile is generated by the balance between dispersion, diffusion and nonlinearlity, and is written by the Gintzburg-Landau equation, which admits localized solutions [12] . Since the mechanism of axial structure formation is different from that of radial pattern in the present case, the nonlinear results are omitted here, and will be reported elsewhere.
Formation of spiral structures is a rather general characteristic of magnetized rotating plasmas since the energy stored in the plasma inhomogeneity such as density and velocity shear is released to give instabilities, which cause the phase difference between the real and imaginary parts of eigen-functions, driving a spiral structure. The instabilities could be the collisional drift wave instability, centrifugal instability, Kelvin-Helmholz instability, and inhomogeneous energy-density driven instability (IEED) $ [6, 13] $ . In the present case, in which $(\kappa^{2}+k^{2})\gg(\Omega_{e}/\nu_{e})(r_{d}\Omega_{i}/C_{s})$ is satisfied, the drift wave instability is dominant, which is destabilized by collisions. Thus, the collision play a key role on the formation of drift wave spiral.
Under the special condition that $\omega_{E}(\xi)$ becomes zero somewhere between $\xi=0$ and $\xi=1$ , the characteristic of the stationary spiral structure becomes similar to those observed in the 98 experiment. For a wide variety of density and potential profiles, rotating spiral structures are normally excited.
We have obtained the linear eigen-functions to show the spiral structure formations in magnetized rotating plasmas. We are planning to develop our theory to understand the spiral structures observed in a gun-produced plasma [5] . It is worth noting that our study may contribute for understanding the mechanism of spiral galaxy formation.
